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Since , glycir~in in 6M

urea contains only 1.7 SR group/mole, the remaining SR

groups are probably the results of the alkaline cleav-

age of some susceptible disulfide bonds. The impl i-

cations of the above findings in regard to the mechan—

ism of soybean protein spun fiber formation are dis-

cussed.

Addi tionally , the acid ic and basic subunits of gly—

ciri in were isolated by a simple ion exchange chromato-

graphy method involving a two—step pH change of the

elu tion buffer. Abnormal behavior of the subunits in

dodecyl sulfa te polyacrylamide gel electrophoreSiS was

sugges ted .
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The number o f disu lfide (SS ) bonds in glycin in — the

: ajor soybean protein — and their rate of cleavage by

dithiothrei tol (DTT) were determined at various con-

centrations of urea . A prouressive increase in SS bond

sciss ion wa s observed wi th increasing urea concentration

reaching the maximun of 20 SS bonds at 8M urea. In addi-

tion , a l i n e a r  r e la t ionsh ip was obtained for the rate

of SS cleavage as a function of urea concentration .

These resul ts indicate that most of the disulfide

bridges are buried in the interior of the protein mole-

cule. Upon exposure to alkaline denaturation , a max—

imun of 9 . 2  sulfhydryl ( 511 ) groups were obtained per

mole of glyc inin ~t pH 11.9. Since , glycinin in 6M

urea contains onl~’ 1.7 SH group/mole , the remaining SH

groups are probably the results of the alkal ine cleav-

age of some susceptible disulfide bonds. The impli-

cations of the above findings in regard to the mechan-

ism of soybean protein spun fiber formation are dis-

cussed.

Additionally, the acidic and basic subunits of gly-

cinin were isolated by a s imple  ion exchange chromato-

graphy method involving a two-step pH change of the

1
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e lu t ion b u f f e r . Ab normal behav ior of the subun its in

dodecyl sulf ate polyacry lamide gel elec trophores is was

suggested . The new method offers a means for obtain-

ing sufficient quantities of these two types of sub-

units for further biochemical studies.

In t roduc t ion

The increased use of soybean proteins in eng ineered

food systems necess itates the study of their struc ture ,

proper ties , and in teractions for optimization of their

functional character istics , safe use , and nutrit ional

qual ity . Additionally, this  knowledge can be u t i l i z e d

for  m o d i f i c a t i o n  of their  chemical or phys ica l  s t ructure

in such a manner as to produce new products bearing desir-

able characteristics as food ingredients. One of the

major soybean proteins comprising approxima tely 70% of

all proteins in the seed is glycinin. This protein is

expected to be a ma jo r  const i tuen t  of food in the years

to come . There fo re , the more we know about this protein

at the molecu la r  level , the more effec tive , economical

and safe its utilization will be.

Over the past three years a number of biochemical

stud ies on g lyc inin in this laboratory we re supported

totally (Part One) or in part (Part Two) by U.S.A .R.O.

Contract No DAHCO4-74—C—0029. These investiqation

s2



involved primarily (a) the developmen t of a chromato-

graphic method for the isolation of the acidic and

basic subunits of glycinin (b) the measuremen t of the

disulfide bonds and sulfhydryl groups of the native and

dena tured  protein , and (c) the study of its enzymatic

hydrolysis by trypsin and pepsin.
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PART ONE

SULFHYDRYL AND D L S U L F I D E  GROUPS IN G L Y C I N I N

I. Isolation of the Acidic and Basic Subunits

A. Introduction

Biochemical studies on the structure and proper-

tie s of the storage prote ins of the soybean (Glycine

max) have important implications in technological and

gene t ic  eng ineering developments in regard to food pro-

tein supply. It was originally reported (1,2) that

glycinin , the ma jor storage pro te in  of soybean seeds ,

is composed of acidic and basic subunits. Subsequent

studies have indicated that the acidic subuni ts have

hi gher molecular weight than the basic subunits (3-5)

and that some degree of homology exists among the acid-

ic subunits (6). However , there is no general  agreement

on the number of acidic subunits. Catsimpoolas (1) re-

ported the presence of three acidic and three basic sub-

units and his findings were later confirmed by Badley

et al . (5). Kitamura and Shibasaki (4) consider glycin—

in to be composed of four acidic and three basic sub-

units. The fourth acidic subunit of 45,000 daltons was

previously rejected by Catsimpoolas et al. (3) as being

part of the structure of glycinin because of its low

4
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concentration in re~ ard to the rest of the acidic sub-

units. These authors considered the fourth component

t~ be either an association product or a contaminant .

Some discrepancy also exists concerning the molecular

wei~~ht. of the subunits. For the acidic subunits , molec-

ular weights of 37 ,200 (3), 34 ,800 (5), 37 ,000 (4) and

45 ,000 (4) have been found . The basic subunits appear

to have molec ular weights of 22 ,300 (3), 22 ,500 (4)

and 19,600 (5). Amino acid sequence analysis of indi-

v idu a l po lypeptide cha ins is sti l l  m iss ing .

In v iew of the importance in unders tanding the

multi—subunitary structure of storage proteins , fur ther

studies on the subunits of glycinin are necessary to es-

tablish the complete chemical and physical structure of

the protein. The first step in such work is the isola-

tion of the individual basic and acidic subunits. This

has been accomplished in the past by isoelectric focus-

ing (1) and DEAE-Sephadex A-50 chromatography (4). In

attempts to develop a simple procedure for the init ial

isolation of the two types of subunits (i.e. icidic and

basic), we adopted the ion exchange chromatography meth-

od of Wright and Boulter (7) . This report describes

the successful separation of the acidic and basic sub-

units of glycinin in suff icient amounts to permit

5
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furth er fractionation within each qrouj: by other methods.

We also report their molecular weight Jntermination by

the use of a discontinuous buffer system in sodium

dodecyl sulfate - polyacry lamide gel electrophoresis

(SDS-PAGE)

B. Results

Glycinin purified by amr~onium sulfate fractionation

(8) and subjected to DEAE Bio-Cel chromatography ex-

hibits the typical elution pattern shown in F.q. 1.

The barred area indicates the pooled fractions that con-

sist of homogeneou 3 glycinin as determined by electro—

phores is. The use of DEAE Bio-Gel instead of DEAE-

Sephadex A— 5 0  (9) for the final step in the purif .r~:—

t i U n  of glycini n has the advantage that regeneration of

the Blo—Gel column is more convenient since it does not

have to be repacked after each experiment. The disul—

fide b:~nds of the pur i fied protein were reduced with

mercap toe thanol in the presence of 6M guan idine hydro-

chloride and the liberated sulfhydryl groups were block-

ed wi th iodoacetamide . The dissociated protein was

subseque nt ly subjected to ion exchange chromatography

on a Dowex AG1 ( X 2 )  resin in the presence of 6 M urea .

Fi; ure 2 shows the separation of two types of subun its.

At pH 8.0 the basic subunits wh ich are not retained by

6
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Fig. 1 Purification of ‘ilycinin by DEAE Bio—Gel ion
exchange chromatography . Column size: 40 x 4 cm.
Sample: 400 nig of qlycinin in 15 ml of pH 7.6
phosphate buffer containing 0.1 M NaC1 and 0.01 M
mercaptoe thanol. Elution : Same buffer containing
NaC1 in gradient concentration of 0.1 M to 1.0 M.
Flow rate 25 ml/hr. Solid line: uv absorbance
at 280 nm. Barred line : pooled fractions
containing pure glycinin.
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Fig. 2 Ion exchange chromatography (Dowex AOl (X2)
r e s i n)  of pu r i f i e d  and ca rboxymethy lated
glycinin . Column size: 20 x 1 5 cm. Sample:
250 mq modified glycinin in 10 ri l of 50 mM
TRIS—acetate buffer (p11 8.0) containing 6 M
urea. Elution : First elution: in above buffer;
second elut ion in 50 mM ace tic acid containing
6 M urea ad justed to pH 4 . 5  with Na OI1 . Flow
rate: 20 mi/hr. Fraction I:  1asic subunits
of glycinin. Fraction II: arddic subunits of
glycin in.

9 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --



~~~~c T ~~~~
T -- -—--_ _— — -- - ---- -- 1

_ 

~~~

0

~
‘ ..

o w

-J

0

(WN o9~) V

10

- -  -‘ -J~~~
-— ~~~~~~~ i t~~~~~~

5 -
~~

— .  
~~#V~.aJ~~

__L
~ .



the resin are e’~utcd first (peak I) . Change of the pH of

the elution buffer to 4.5 causes the elution of the acid-

ic subunits (peak II)

SDS—PAGE analysis of DEAE Bio-Gel purified glycinin

a nd f r a ctions I and I I  e lu ted f rom the Dowex AG1 ( X 2 )

column is shown in Fi g. 3. Two groups of components

are distinguishable in regard to a molecular size and

these were de signa ted as H and L denoting the heavy and

l igh t cha ins , respec tively. In purified qlycinin , one

L component can be seen. The H components show a major

and m inor band . From the comparison of the relative

m o b i l i t y  (R
f
) values of these bands to those of stand-

ard pro teins , the molecular weight of the major H com-

pone nt was estimated to be 42 ,000 and tha t of the minor

H componen t 45 ,000 . The L componen t has  a m o l e c u l a r

wei ght of 19,000. The isolated basic subunits corres-

pond to the L components and the acidic subunits to the

H components.

C. Conclusions

We have demons t ra ted  that  the use c f  iOfl exchange

chromatography on Dowex AG1 (X2) column involving a two

step pH change of the buffer provides a simple means for

the isolation of the acidic and basic si. bunits of glycin—

in in b u l k  q u a n t i t i e s  (up  to 250 mg )  . The column can be

used r epe t i t i ve ly  a f t e r  in s i tu  r egene ra t ion. Thus ,

11 
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Fig. 3 SDS electrophores~ s patterns of: ammonium
sulfate purifie d qlycinin (a); DEAF Bio—Gel
purified qlycinin (b); isolated basic subunits
(Fraction I) of qlycinin (c); and isolated

• acidic subunits (Fraction II) of g lyc inin (d ) .
F! and L indicate the position of the heavy
(acidic) and light (basic) subunits of glycinin ,
respectively.

•
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sufficient guantity of the two types of subunits can be

obtained for f u r t h l r fractionation and characterization .

The use of a discontinuous buffer system in SDS—

PAGE was used t o  allow high resolution separation of the

subunits. However , the molecular weight of the L corn—

ponent is slightly lower than that reported by Catsim—

poolas et al. (3) and Kitamura and Shibasak i (4) using

a continuous pH buffer syste:n and in closer agreement

t~~ that reported by Badley et al. (5). The major H

component exhibits much higher molecular weight by the

presen t technique than previously reported (3-5) . How—

‘:er , the molecular weiqht on the minor H component is

in aareernent with previously reported values (3 ,4).

These results lead us to suspect that the subunits of

alycinin behave abnormally in SDS-PAGE and therefore

molecular weir~ht estimation can be considered at best

very approximate . This condition does not allow simple

arithmetic determination of the number of polypept ide

chains from the molecular weigh t of the pro te in ( 5,10)

and its subunits. Other methods will have to be em-

ployed for compa r ison. Further work is dso necessary

to clarify the nature of the minor 1-! component which

K itarnura and Shibasaki (4) consider it to be one of the

acidic subunits of glycinin.

14
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D. E x p e r i m e n t a l

The soybean.;  used were ( ‘orosoy v a r i e t y  cr o w n  in

1973 a n d  stored it 25°C . Th e seeds were cracked , de—

h ul led , and ground. The material was defattr d with hex—

ane (b.p. 70°C) in a Soxhlet apparatus for 48 hrs. and

subsequently desolventized at room temperature .

Gl y c i n in was prepared as described by Wolf  et a l .

(8) . Briefly, this consisted of extraction of defatted

flakes with water (flake:water ratio — 1:5) at 25°C. Sub-

sequen tly  the prc te in was prec ipitated in the cold over-

ni gh t (4 0C) and centrifuged to obtain the cold insoluble

f rac t ion . The protein in this fr action was precipitated

twice with ammoniirn sulfate (p11 7.6) between 51 and 66%

o f saturation fol lowed by acid preci pitation at pH 4.0,

and further precip itation be tween 26 and 40 % sa tu r a t i o n

with arnmonium sulfate .

Chroma tographic frac tiona tion of the purified protein

was performed on a 4 x 40 cm DEAE Bio—Ge l anion exchange

column (100-200 mesh) (Bio-Rad Laboratories , Richmond ,

Cal i forn ia) quilibrated with a pH 7 .6  phosphate buffer

(0.032 M K
2
PHO4 ,  0.0026 M KH 2

PO
4
) made 0 .1 M in sod ium

chlor ide and 0.01 M in merc ap toethanol. Ionic strength

elu tion was carried out by addition of lM NaC1 to a mix-

ing chamber containing 400 ml of the standard buffer.

15
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Detection of the protein fractions was by absorbance

at 280 nm. The pooled glyciniri fractions were dialyzed

against water and freeze dried .

The purif ied protein (25 0 mg) wa s dissolved in

25 ml of 1 M TRIS-HC1, pH 8.7 made 6 M in guanidine

hydrochloride and 1 mM EDTA . The solution was flushed

with nitrogen for 15 mm ., then 0.25 ml mercapto-

ethanol was added. The solution was incubated at 37°C

for 5 hrs . Af ter the addition of iodoacetamide (1.2 gm)

the reaction was allowed to proceed in the dark. When

a negati ve nitroprusside test was obtained (about 15

mm .), the pritein was dialyzed against water and freeze

dried.

Separation of the modified glycinin into acidic

and basic subunits was performed on a Dowex AGI (X2)

res in (7) . Briefly, the resin was washed exhaustively

in a Buchner funnel with 2N NaOH , distilled water ,

4 N ace tic acid, d i s t i l l ed  water , and 0.05 M TRIS—

ace ta te  b u f f e r , pH 8 . 0 .  Jus t  before use the resin was

equilibrated on a 1.5 x 20 cm Pharmacia column with

0 . 0 5  M T R I S — a c e t a t e  b u f f e r  (pH 8 . 0)  cont a in ing  6M

urea . The second solution used for elution was

16
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0.05 N acetic acid containing 6 M urea adjusted to

pH 4 . 5  wi th NaOH .  F r a c t i o ns (2 . 5  ml ) were col l ec ted

at a rate of 30 ml per hr. The eluate was monitored

at 2 80 nm a nd 254 nm w i t h  an ISCO ( L i n c o l n , Nebraska )

Type 6 optical unit and an ISCO UA5 absorbance monitor.

SDS elect rophores is in a discontinuous buffer sys tem

was performed according to the method desc ribed below .

A Bio—Rad Model 221 slab gel electrophoresis cell was

used . The polyacrylamide slab (100 mm x 140 mm x 1.5 mm)

was prepared as fo l lows: bu f f e r s  used , 1) ZETA b u f f e r

(pH 8.89) containing 6.00 gm glycine, 9 .12 gm TRIS ,

2.00 gm sodium dodecyl sulfate (SDS), to 2 liters with

1-120 , 2) GAMMA buffer (pH 8 . 9 2 )  con ta in ing  2 8 . 9 2  nil

1 N HC 1 , 11.47 gm TR IS , to 100 ml H20, 3) BETA

buffer (pH 6.44) containing 10.11 ml lM H 3PO~~, 1.92 gm

TRIS , to 10 0 ml w i th  H 20. The acry lamide solution

used for the separating gel contained 0.6 gm N ,N ’—

mnethy lenebisacry lamide (BI S) , 11.4 gm acry lamide

( 12% T, 5% C) to 50 ml 1120. The s t a c k i n g  gel

consisted of 0 .3 1 3  gm BIS , 2 . 8 1 7  gni ac ry lamide

(3.13% T, 10% C), to 50 ml w it h H 20. The catalyst

solution contained 0.03 gm potassium persulfate,

17

T —~~~~~~~---- ~• -  -—- - _~~~~~..: — -  •~ — - - ~—~-‘--- --—- -~~~~~ -- ---~~~ I ~~~~~~~~~~~~~~~~~ ~~~~~~ H



0.001 gm riboflavin , to  100 ml with 1170. Both

separating and stackinq cTels contained 0.1% SOS .

The sa mples were dissolved in a solution containing

6 M urea , 0.3% SDS , and 10 nM dithiothreitol . and

made to volume with ZETA buffer . Bromophenol  b lue

was added as a tracking dye . Sampl e solu tions

(1 mg/ml) were incubated at 50°C for 30 m m .  just

prior to sample application . The separating gel

was made by mi x ing 2 parts separating solution, 1

part C,A!4MA buffer , and 1 part catalyst. This solution

was degass ed a t 15 mm Hg for 10 m m .  at which time

SDS (0.1%) and 25 ~l of TE MED we re added.  The slab

was poured and allowed to polymerize under uniform

fluorescent li ght for 45 m m .  The stacking gel was

rt~ade by mixing 2 parts 
stacking solution, 1 pa rt

-BETA buffe r , and 1 par t  cat alyst . The so l u ti on was

degassed at 15 mm Hg. SDS (0.1%) and 12 ~.1

TEMED was then added. Elec trophore si s of 25 q

samples was carried out for approximately 1 7 hours

at 12 mA constant current (20°C) . Prior to stainiri q

the SDS was removed by fixation for 24 hours in a

Bio-Rad Mode l 222 dual diffusion destair.er. The

18
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fixation solution consisted of equal parts of

methanol and 20% acetic acid . Subsequently, the

slab was stained with 1% Coomassie blue in 7%

acetic acid and destained } ; /  diffusion in 7%

acetic acid, and 30% methanol.

The ZETA , BETA and GA’-’~iA buffers (system No. 2860)

were designed by a computer proqram [1]. Molecular

weight determination was Performed by another computer

system 112 1 from relative mobility (Rf
) values of

unknowns versus standar d proteins .
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II . I)  isu lf id e and Su1ffly~dry ]• ~ro

A .  In r-~’1 r

E x t e n s i v e  st idi~~s exi st at p r e sen t  on the struc-

ture of •;lycin in (1—12) . Ii w e v er , the  n u m b e r  of s u i f —

hy d r y l  (SF! ) and disulfi de (SS) groups in glycinin is

not known , although these moieties have been implicated

in the format ion of SS polyrers (4), heat denaturation

(13 ,14), and intersubunit association of the protein

(11 , 12 , 15). In view of the involvement of the SS

bonds in the stabilization of the structure of glyciitin

and in it s dena tur a t ion , we have a t t empted to exp lore

quantitat ively their presence and reactivi ty in urea

solu tions and alkaline environment. The SS cleaving

reagent dithiothreitol (16) was used to measure spectro-

photometrically the nunber and reactivity of SS bonds

in urea whereas p—hydroxymercuribenzoate (17) was em-

ployed to qua ntitate SI! groups.

22 
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B . Expe r imen tal

1. M a t e ri a l s

Dithiothreitol (DTT) , p—hydroxymercur ibenzoa te

(P11MB) and EDTA were obtained from Sigma Chemical Co.,

St. Louis , Mo. Ultra pure urea was purchased from

Schwarz/Mann Co.,  Orangeburg, N .Y. All other chemicals

were  of r e a g e n t  g r a d e .  (‘~ly c in in  was p repa red  as

previously described (4,18).

Spectrophotometric measurements were performed

with a Beckman Model 25 double beam recording spectro-

photomete r . Ma tched qua rtz  cuvettes of 1 cm path l en gth

were numbe red and used in the same sequence for all

experiments. A London Radiometer PHM 62 pH meter was

used for all pH adjustments.

2. SS Bonds

The assay for the measu rement of SS bonds

depends on the spec trophotome tric quantitat ion of

oxidized DTT (310 nm) produced from the cleavage of SS

groups in the protein by the DTT reagent (16) . Appro-

priate blanks have to be provided to correct for (a)

possible ox idation of DTT and (b) possible increase

of 310 nm absorbance due to scattering from the

denatured protein solution. Therefore , the fo l l owing

procedure was employed :

Preparat ion of so lu t ions

( a )  Stock b u f f e r  so lu t ion :  0 . 0 5  potassium

23
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phosphate b u f f e r  p1! 7 .  ‘~ made  10 N i n  EDTA .

( h )  B u f  P r—Urea ( e . q .  8M) s o l u t i o n : Urea  ( 4 . 8 g)

i issol ’:ed  in  10 ml stock b u f f e r  so l u t i o n ; p r e par e d

f r e s h  j u s t  before the assay.

( c )  DTT s o l u t i o n  ( 0 . 0 5  M ) : DTT ( 7 . 7  n : )  d i s so lved

in 0 . 1  ml st o c k  b u f f e r  s o l u t i o n ; prepared f r e s h .

( d )  P r o t e i n — b u f  fcr—u r a s o l u t i o n :  10 mq p r o t e i n

dissolved ~n 1 .5  -~i l  b u f f e r — u r e a  s o l u t i o n . C e n t r i -

f u g e  i t  2 , 000  q f r  15 rrin. to obtain clear solu-

tion f r  spl etrophotometric studies. Protein con-

centration is det !rmin ed spectrophotometrically.

All of the solutions placed in the cuvettes are flushed

with nitrogen. Urea denaturation of g lyc inin takes placc

w i t h i n  a few second s. However , in this procedure approx-

I m a t I - l y  30 mm of p r e i n c u b a t i o n  t ime of the pro te in  w i t h

urea  was a l l owed  to insure maximum unfolding. For the

estimation of the protein concentration , 100 h i  aliquo t

of the protein-buf fer—urea solution was mixed with 1.5 ml

of the buffer-urea solution and the absorbance at 280 nn

was measured against buffer—urea solution as reference .

An E 1
~ v a l u e  of 8 . 2  was used to obtain the concentra—
1cr

t i o n  of (1lycinin.

Poss ib le  changes in l i oh t  s c a t t e r i nu  a t  310 nm were

measured by record ing  the absorb ance of the protein-

buffer-urea solution against the buffer-urea solution .
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Corrections W (~~ e made by subtracting this absc rl ance

f rom th a t oh ained in the presence of DTT. The test

soluti on contained 1.2 ml of the protein—buffer—solution

mixed with 10 ;~ l of the OTT solution . The reference

was 1 .2 m l  of  the  b u f f e r — u r e a  s o l u t i o n  mixed with 10 hi

of the DTT s o l u ti o n .  The ab so rbance  a t  310 mm was re—

-r  ied is  a f u n c t i o n  of t i m .- i m m e d i a t e l y  a f t e r  the addi-

t ion  of OTT . E s t i m a t i o n  of  the  number of SS bonds was

p e r f o r m e d  as descr ibed  p r e v i o u s l y  ( 1 6) .  Five experi—

r e n t s  wi re p e r f o r m e d  f o r  each m o l a r  c o n c e n t r a t i o n  of u rea .

3. SI! Group s

The method described by Boyer ( 1 7)  was used to meas-

ure SF! groups in glycinin. This invo lves spectrophoto—

metric measurement of mercaptide formation employing

p—hydroxymercuribenzoate as reagent. The ‘ollow inc

solutions were prepared:

(e) Stock buffer solution: 0.05 N potassium

p hospha te  bu f f e r  pH 7 . 6 .

(f) Buffer—6M urea solution : Urea (3.6 q)

disso lved  in 10 ml of the stock buffer solu-

t i o n .

(q) PHMB solution (1.8 x l0~~ M) : PHMB (6.6 mg)

solubil ized in minimu ’i 0.1 N KOH and made to

10 ml w i t h  tock buf e r;  prepared f r e s h .

25
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/

(h) Prote in—buff er— urea solution: 3 mg gly—

cjnjn li ssolved in ml of the  bu f for—urea sol o-

t ion and centrifu- :cd at• 2000 g for 15 mm to

obtain a clear sunernat ant. Protein concentra—

tion was determined spectrophotometrically

as above .

The absorbance  at  250 nm due to the protein was measured

by reading 1.2 ml of the protein-buffer—urea solution

auainst buf fer—urea solution as blank . Subseauently,

10 -~l of the P IVTI3  solution I-ore added bo th  to the

b l a n k  and sample  and  the  inc’rease in absorhance at 25( on

was r ecorded .  A m o l a r  e x t i n c t i o n  coefficient of 7600

f o r  m c r c a p t i i ~ f o r m a t ion  was used for estimating the

number  of av a i l a b l e  SH u r o u p s .

In ~he case of a l k a l i  ( 1 . 0  N KOH ) t i t r a t i o n, the

l i f f e ren c e  in absorbanoe (-A ) of the protein solution

tre ated with the necessary volume of alkali to obtain

a cer tain pH ~‘alue versus the protein solution diluted

with the same volume of pH 7.6 buffer is estimated at

250 nm . This is necessary in order to correct for the in—

crease in the 250 nm absorbance due to the ionization of

tnrosine crow s at higher ph va l ues. As an example , 1.2 ml

of the protein-buffer-urea solution is treated with a

volume (e.g. 0.75 ml) of iN 1(011 to bring the rifi to 11.9.

The blank contains 1.2 ml of the protein—buffer—urea
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sa i n t  i o n  p l u s  0 . 7 5  m l  of t h e  s t o c k  b u f f e r s o ]u t  i o n . Thu

A at  250 nm is  ;u h s e q u e n t ly  s u b t ra c te d  f r o m  t h e  .A v ; i l n e

of t h e  t~~ rt  s o lu ’ ju t . The es t  s o l u t i o n  c o n t a i n s  1 . 2  m l

of the  p r o t e i n — b  f f e r — n r e a  s o l u t i o n , 0. 7 5 ml iN KOF I and

10 .1 P11MB solution and is read a tains t a b1 ct~’. cont -airin :

1.2  ml of the pr tein—bu ffer—urea solution , 0.75 ml buffer

solution and 10 - 1 P11MB solution. Experim ents as above

were performed bE tween p11 7.6 and 1 3 . 0 .  The final calcu-

lations on the number of SF! qroups take into consideration

the dilution fac tor due to the addi tion of alkali.

C. Results and Conclusions

— 1. Di s u l f i J e _Bonds

The e f f e c t  of v a ry i n g  c o n c e n t r at i o n s  of urea on

the number  and r a t e  of c leavage  of SS bonds in c il yc in in

by OTT is shown in Fig. 1. A maximum of 20 SS bonds were

f o u n d  us ing 8 N urea  c o n c e n t r a t i o n .  A lower number  of SS

bonds were reactive at 4 N and 6 N urea whereas a dramatic

decrease was observed at 2 ~ urea concen~ ratic.n . The rate

of the reaction was demonstrated to follow pseudo first

order  k i n e t i c s  as i l l u s t r a t ed  in Fi g.  2. A plot of in

(dx/d t) ve rsus time produced the r e ac t i o n  r a t e  cons tan t

(k
e
) for each ure a concentration. When t he  reaction rate

constants were plotted as a function of irea molarity,

a linear relationship was obtained (Fig. 3).

The data presented above suqgest th~ t the majority

27

— -- - -~~ 
- -

~~ — 
—

~
- —. - .-.S , ~~~ ~~~~~~~~~~~~~~~ — -- • . — ~~~~~ -~~ —‘-~~-- ~~~~~~~~~~~~~



Fi t .  1. The time course of tlycinin SE bond cleavaqe
by dithiothreito l in various urea conc entrations

£ 2N u rea , ~ 4M urea , • 6M urea , o ~- t1  urea )
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F i g .  2. Typi - ’il ps eudo fi rst • order reaut ion p lot  of ES
bond cleavaqe by dithiothreitol (Y = number of
disulfide bonds per mole glycinin)
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F i g .  3. Pseudo f i r s t  o rder  r a t e  c on s t a nt s  of  SE bond
c leavage  at  v a r y i ng  m o l a r  c o nc e n t rat i o n s  of
u rea .
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or the d i s u l  U :  (le bonds  i n  cj I y c i n in  i r e  b u r i e d  in the in-

t e r i o r  (~~ t the : rotei fl mole cule inch l i r a m  av ailable upon

unfold ing of the r,rotein wi I h urea. b - t I  a L i i  the a b se n ce

ot ure .i could no~ lu o l t a i n r I c o n t r i t e l y  F - -cause of I ioh~

sca t  t e r i t i c  i n t e r f e r e n c e  due  to lie hiuh c o n c e n t. r a~ io n s  of

p r o t e i n  employed  fo r  the  sp -c t ra ph o t o m e t r i c  m e a s u r em e n t s .

These p r o b l em s  were  a l l e v i at e d  by the  presence  of u rea

in the s o l u t i o n s .  The f i n d i ng  t h a t  q l y c i n i n  c o n t a i ns  a t

leas t  20 SS bonds per riolecule (320 ,000 daltons ) agrees

well with amino acid analysis lata of Catuimpoolas et al.

(8) who found 4 4  ± 6 h a l f  c’:sti cc r e s i d u e s  per mole  of  qi-

cinin estimated on the basir of a 350 ,000 daltons molecular

weight. Using the same ass  opt [on (i.e. 350 , C)00 (N- ) c ; ly —

cinin should contain appr o sim at -ly 21 .8 SE hon-Is per m o l e —

c-ale m l u s  1.8 SF! uroups (see be l ow) thus , ~-rodacing 4 5 . 4

h a l f  c y s t i n e  r e s idu e s .

-rhe o 1-served increase i n  t ie r e ac t i o n  r a t -~ o~ 55

cl avage in the presence of inc easing cor-icentration s of

urea co il — I be explained as follows . olycinin n a y  contain

se’.eral areas of different structural cnmnactnciss. Upon

a d d i t i o n  of u rea  a nd  depend ing  on its concentration only

‘ er t a in  r e g i o n s  become unfolded . DTT may a t t a c k  the  SS

bonds of the  “ l oose ” regions i1n~ il the maximur’ number of

SS bonds is c l e a v e d .  Inc reased  c o n c e n t r at  ion of urea may

“loosen  up ’ more s t r u c t u r a l  reg ons and t :us , make av a i l a b le

-z r ~~~~~~~~--~ -- - 
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‘ lo re  ES bonds f r i  i n t - e r a r - t i -  n .  hlowevec , t i c ’  i - t n r ( - - 5 (  j~~

t he  r e a c t i o n  r at  c o n s t a n t  v ith incre ts 1 a r c -  nOnc~’ t i t  r i —

n o n  n ay  be due (- C a l t e r a t io n  a the “ r - ict iv i  /
“ ot

SS bonds related to steric factors in the neichborhood of

t h e  cystine molecules.

2. Sul f h y d r y l  Groups

D et e r m i n a t i or  of t h e  su l f h d ry l  u r o un s  of g l y c i n —

in w i t h  P I I N P  as a f u n c t  ion of p11 i s  dep i c t e d  i n  Fic  . 1. No

d e t e c t a b l e  SE gr o u p s  were f o u n d  cr to 1 - h i  1 0 . 5  Aho’o - pH 11.0 ,

SF1 qrouus appear  which  reach a m a x i m u m  of  9 . 2  i r o u r s per

mole of c lv c i n i n  ( 3 2 0 . 0 0 0  N d  a t  pIt 11.9. Thus , there

a t - l e ar s  te he a na r row  p 1-I r eg ion  where SI qrou;s are pres-

e n t .  I t  ‘~:as of i n t e re s t  to know if these ::rou’,s are b u r i e d

in the native protein molecule being exposed d~~rinq alka-

line denaturation , or are the result of disulfide bond

cleavage by the alkali. In a control experiment where

-ilycinin was exposed to ( M u r - ? a dn i d P 1-1MB onl y 1.7 HIl groups

per mole of u r o t e i n  cou ld  b detected. It was , th e r e f o re,

concluded  t h a t  the  m a j o r i t y  of the  SI! g roups  a~~ci fo rmed  by

OH sc iss ion  of exposed ES bonds. The p1! effe:t on the

u n f o l d i ng of gl y c i n in has been s tud ied previou~3ly (~~) by

spectrophotometric titration of tyrosine :‘he:~o -::v groups.

The two curves (Fig. 4 present paper and Fig. 3 , Ref. 8)

of SF1 group formation and tyrosine exposure as a function

of pH closely resembl e each other. The n rw in formation

— - -~~~~- ‘  - - ~~~~~ -~~~~~~~ -- - — - ~~~‘~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



• Fig. 4 .  R e a c t i v i t y  of s u l f h y d r y l  oroups  in q i n i n i n
t r e a t e d  w i t h  a l k a l i  at the  i n c l i c - i t e d  r U .

-a-
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t h a t  has been obta  i red f rom t h e s e  s t u d i e s  is t h a t  a l k i —

l i n e  d e na t u r a ti o n  of g l y c i ni n  u 1 - u v n  p11 11.0 Iso i n v o l v e s

c l e a vage  of some susce~. t i L r l e  ES bonds .

T he e n f e c t  of OH on t h e  SS bonds  of p r o t i  i ns  has

been d i sc us s e d  ~ rev iou~~l Y ( c-r e R e f .  19) an u  rue; involve

the f o r m a t i o n  of e i t h e r  an PSOH m o i e t y  wh i ch can be

further oxidized to cysteic acid , or the -:e rieration of a

deh’;clroalamine residue whici by interaction with lysine

can form lysinoalamine at hi gh pH. The two schemes of

cleava ge can be ill ustra ted as fo l lows :

R—S—S— ~ ÷ 011 — RS + R—SOlI

R — S - S - R  + OH _______ 
R — S — S  + H 2 C = C

F rom a practical standpoint , some of the aho ’e inter-

actions may take place duri ccr the first step (i.e.

alkaline denaturation ) of soybean protein fibe r forma-

tion (20) • In this respect, the suggested (20) sulfh yclryl—

disulfide interchange may indeed be involved in the mech-

an ism of protein cross-linking in spun fibers. However ,

Kei ley and Pressey (20) did not predic t the possible

formation of new 511 groups by the alkaline treatment of

the protein SE groups. The present results provide the

first experiment3l ev!dence for the presence of burie d ES

qroups in :Iycinin and the formation of SF1 groups upon

alkaline denatur3tion.
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PART 1 :

I .  Summary

Glyc inin , the major s toc age pro te in of soybeans ,

was modif ied by alkali (pH 12.0) and acid (p11 2.0)

induced dena turat ion , and by unfolding in ~~~ urea follow-

ed by cleavage of the disulfide ( SS)  bonds and block age

of the  s u l f h yd r y l (Sit) groups to produce CN-Glycinin.

The CM-acidic and CM-basic subunits of the protein were

also isolated . All the above samples were used to

i n v e s t i g a t e  t h e i r  r a t e  (plI—s ’ at method) cri d extent

(gel filtra tion analysis) of hydrolys is ry trypsin at

p1-I 8.0, 25 °C.  Native and acid—denatured glycinin and

the CM—basic subunits were hydrol yzed  sl c w l y  ~-v er  a

period of several hours whereas the C’i-aci dic subunits ,

alkali—dena tured ‘;lycinir., and CM-glycinin were attacked

at a very fast rate by the enzyme . The molecular weight

distribution of the pep tid e ~naqnr’nts ‘,‘arit -’-d in a l l

samp les. Char acteristic pea k s of molecular weight

above 30 ,000 , around 7 ,000 arid below 5,0(10 d~i~~f ntis

were observed. In mod ifications where ut f o l d i n u  of ~he

protein and SS reduction was implicated the pu ptide

fragments were shif ted toward the lowest peak s) i.e.

below 5 ,000 daltons. Glycinin can be hy rolyr- -ud into
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la rge  pepticl e f r a q m t r .t  s by pc -pS  in w i t h i n  i few m i n u t e s,

as exarn i ned by s o d i u m  d o — l e c y l s u l fa t e  ( SD S)  -o l y a c r y la r  i - c

gel e lect r o ph o r e s i s  ( P A C E ) . ‘fhe a c id i c  s u b m i t s  of the

protein are hydrolyzed ftst 2 r than the basic subunits.

The fas t hydrol y s i s  of g lyc in in by pepsin at p11 2. 0 is

probably due to the acidic dissociation of the protein

into unfolded po lypeptic1-~ chains. When trypsin was used ,

glycinin was di- :ested mo re slowly, but , again the acidi c

subunits were preferential ly cleaved at a fas ter rate.

Glycinin was also subje cted to tryptic hydrolysis

at pH 8.0 in the presence of various concentrations of

NaC1 and examined by uv diffe rence spectroscopy . During

hydrolysis, the protei n exhibited a typical dcnrc turation

“b lue  s h i f t ”  of the u l t rav i o let  spec t rum . The mola r

absorptivity difference (fr) at  29l—2 92nm was used as

a relative measure of exposure of buried tryptophan

groups . Two types of “reactions were observed leading

to a f a s t  ( 2 0 - 30  m m )  and a slow exposure of chromophoric

moieties. Increasing ionic strength significantly

diminished the extent of exposure , but enhanced the rate

of the fast rcac tion . Tryptic hydrolysis induced the

exposure, bu t enhanced the rate of the fast reaction.

Tryptic hydrolysis induced the exposure of approximately

75% of the tryptophan groups in comparison to 6 M urea

- -  — — -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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d~ c t t u r i t  m c ; .  ‘l’hi s i n d i e c t  e t c  t h e  ( -X i S t of l C e  r~ J residual

icC e c  c i a l  s t r ; ’ ’  tin i n  t h e  hy d r o l y z e d  p e p t id e  I r acj r en t s .

It -~~~c c :  hy~ h -sized that t h e  ast and slow rates of

m i’~’ rI -C i t  hy d r o l~~’;; i s of the acidic and

I c c ;  c ’ -d an i s 0 I 1 ye in i n , r~~r I ec t i v e l y .  Based

on t t ’ - c-; t - t r i l l : ; , a physiolo qical role for the acidic

t n t  N a s i c  subuni ts ol qlycinTh in the ge r mi n a t ing

- - - ‘  I w t  S p r of r’c e - 1

II. m t  r e ;  - t  i etc

S -\’h c-ans , orig i nat ing fr om the Orient , have become

an important crop in the Unit ed States since the late

1 9 2 0 ’ s , when soybean processinq became an established

industry. Due to a surp l us of a g r i c u l t u r a l  crops at  the

t ime , t h e  oil w i n  used for ind us trial pu rposes and the

rn :i l was used to r anima l feeds. Recently, soybeans have

become a r- t j o r  source of protein, mainly suppleme ntal ,

due to the high cost of protein sources such as meat.

It has become one of the major ingredients in fabricated

foods , such as meat analogs .

There exist three basic forms of processed soybean

protein used as food ingredients for the variety of

soybean p ro t e in  products  now a v a i l a b l e .  They are

classified according to their protein content and are

4-1
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soy flour and grits , protein c oncentrates , and protein

isolates in increasing order of their protein concentra-

t i o n .  To t a k e  a d v a n t age of  t h e  f u n c t i o n a l  p r o per t i e s

of the various processed pro f ‘ins , they  m a y  be added to

food sys’o-nc s for ttm e purpose of e m u l s it i c a t i o n , f a t

abso rpt ion , gelatin acid a e r a t  i o n .  Also , these t h r e e

m a j o r  for :ns  nay be fur tl or ~: 
icessed before being

added to a food sys t em . For ex ample , soy flour may

be extruded or iso~ utes may be spun to impart meat-

l ike  t ex tu re s  or to s i m u l a t e  f r u i t s , nu t s  or vegetables.

Both of these  l a t t e r  processes involve  acid prec ipi t a t ion

of the protein and the addition of alkali to the protein.

To understand how the proper ties of the soybean

prote ins  w i l l  change  u n( e r  various processing and

enzymatic mod ification conditions and how their

nutri tive value may change , i t is important to have

some knowledge of the physical and chemical properties of

the individual proteins. Since the initial step in the

production of any of the protein products is the water

extraction of defatted soybean flakes , the  p ro t e in s  of

i n t e r e s t  are the wate r- so lub le  ones.  Four m a j o r

fractions are observed in this extract and are desig-

riated as 2,7,11 and l5S, based on their ultracentrifuga—

t ion s e d i m e n t a t i o n  r a t e s  ( 1)  . The 115 component ,

-45
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g lycinin, provides a suitable material for study since

it is the major soybean prot (’in , and can be obtained in

homogeneo us from (1 , 3 ) ,  and i t s  str ucture is known in

considerable de tail (4—7) . G ly c i n i n  has  a molecu la r

weigh t of 350 ,000 (5) and consists of six acidic and six

basic s u b u n i t s  ( 4 )  exh ib i ti n c molecu l a r  we igh t s  of

37 ,2 000 and 23 ,000 respectively (8) . The acidic subunits

have a h igher  con ten t  of glu tamic acid and praline than

the basic ones , whereas the basic subunits have larger

amounts of the hydrophobic am ino acids leuc ine , tyrosine ,

pheriylalanine , val i ne  and a lan i n e  ( 8 )  . It  has  been

postulated tha t hydrophobic bonds play an important role

in the stabil ization of the g ly c i n i n  s u b u n i t s  ( 9 ,10)

In view of the importance of enzymatic hydrolysis

studies in underst indin o (a) the mechanism of degradation

of s torage  p ro te ins  d u r i n g  seed g e rm i n a t i o n  (b )  the

digestibili ty of soybean protein in the gastrointestinal

tract and (C) the production of modified soybean

pro te ins  for  food use , t h i s  l abora to ry  has been engaged

in the  i n v e s t i g a t i o n  of the  en z y m a t i c  h y d r o l y s i s  of

— . qlyc inin . In the present report , we describe phi-stat ,

molecular weight distrib-ition, arid uv d i f f e r e n c e  spectra

s t u d i e s  per for - cc - - I on the product s- of enzymatic hydrolys is

deriving frorc native and d onatur l-cI cjly- ’inin and  it.s acidic

-~r;’i 1 - i si c subunits.

j
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III. EXp e l j rn e~~t , t l

A. Glycinin I s o l at i o n

Soybeans Cors oy 73 (u. S.A.) were used as the

protein source for the j-rep~ir i t  ion of g l y ci n i n .  The

soybeans were first cra ‘hed .sin-j a t’~arin’; blender , then

dehulled. The oil was - -xtracted with hexane in a

Soxhlet extractor. Fol ! owin ’ this , the d e f a t ted f l a k e s

were ground to a cccarse meal. Isolation of glycinin

from the meal was achieved by the method of Wolf and

Briggs (5). Briefly, this en ta i led the extraction of the

meal (100 g) with water (1 j:urt meal to 5 parts water)

for 1 hr. The mixture was then passed through cheese-

cloth to remove any large particles. Centrifugation at

2,000 x g at room temperature was used to clarify the

aqueous extract, after which the supernatant was incu-

bated at 0-4°C overnight. Following centrifugation at

10,000 x g at 0—4°C , the p rec iptate was dissolved in a

total of 72 ml of phosphate buffer (pH 7.~~, t~

in NaC1 and 0.01 M mercaptoe thanol) . (The buffer was

4 prepared as follows: 5.66 g K2 IiPO~ , 0.354 g K11~~PO~~,

23.36 g NaCl and 0.71 ml of niercaptoethanol were made

up to 1.0 1 with water.) The protein solution was made

0.11 N (0.10 a) w i h  respect to N-ethylmaleimide and

stirred for 30 rir 1 . This was then dilu t e r l t ’  17000 nil
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w i t h  p h o s p hat e  b u f f e r  (pH 7 . (  , = 0 . 4  M , 0.0)

mercaptoethanol) , .nd a d j u s t e d  to 5 1% s a t u ra t i o n  w i t h

(NH .) ~SO. ( 670  q ) . After stir ring for 30 mm , the

s o l u t i o n  was  c en t r m f u o e d  a t  : . 000 x g an d  t he  s u p e r —

n a t a n t  was  a d j u s t e d  to 6 6 %  s a t u r a t i o n  wi~ h (~-dt , i S O .

(211 g) and then s t irred for 30 m m .  The p reci p i t a t e

obtai ned upon c e n ti  i fr i q at i o n  w a s  di ssolved in phospha te

buffer (pH 7 .6 , ~ = 0 . 4  M , 0.01 ~ mercaptoethanol) to a

volume of 1.0 1. Af or adjusting the solution to 66%

saturation with (N:!.) :50 4 (522 g) and sti r r i n g  for 30

m m ,  it was centri ‘uge d aga in a t 2 ,000 x q. The

precipitate w as dissolved in 1.0 M NaCl for 24 hr at

0—4°C. The dialysate , upon w ar m i n g  to rcom t e m p e r a t u r e

was diluted to 100 ml with 1.0 M N a C l .  This was made

i0~~ ~ with respect to N—ethylmaleimide (0.0125 g), and

stirred for 20—30 m m .  The p11 of this solution was

a d j u sted to 2 6% sa tur at i o n  wi th (N 1-1j 2S0. (15 g/lOO ml)

After stirri rca far 10 mm , the m i x t u r e  was cen t r i f u g e d

at 10 ,000 x g and the precipitate was dissolved and

dialyzed over night against phosphate buffer (pH 7.8,

= 0.1 M in NaC1 , 0 .01 tI merca p toethanol)

To purify the pro tein ( 3 )  , an ion exchange column

(Bio-Rad Laboratories , Richmond , CA Bio-Rex Tyc e MT,

2.5 cm x 50 cm) was prepa red using D E A E — S o p h a d ex

(P h a r ;n a c i a , Sweden) e qu i l i b r~. c: c ct in phon c hate t - c m f ~~er
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(pH 7 . 8 , p = 0.1 M , 0.01 ~~~ c~~-r c c p t o e t h a n o 1)  . The

approximate pratl i n concentr ic ion was d e t e rc a  ned to

preven t overloadinc’ of the  column , by measuri ng the

absorbance of the protein solution at 280 m m .  The

concentration was t lien e s t in u te d from E = 8. 2 , where

E denotes the absorbance of a 1% protein solution in

1 cm cuvette at 280 nm .

The dialyzed protein sol ut ion was eluted from the

column with phosphate buffer (0.01 M mercaptoethanol) in

a NaCl ionic stre ngth  gr adie nt rang ing from 0.01 ~1 to

1.0 N in NaCl . Fractions won - collected with an ISCO

(L inco ln , N B )  Podel 32 8 f r a c ti on col lec tor and moni tore d

wi th an ISCO Type 6 Op t :c a l  U ; c i t , Podol  U A - 5  Ab sorha nce

Monitor and Model 1132 Mul ti lexer—1 ;:pand- r and recorded

with an ISCO recorder. The n ijor p~ ak of the uv

absorbance profile eluted at approximately 0.7 M NaCl

represented purified glycinin.

B. Reaction of Glycinin Sulfhydry l Groups w it h

Iodoacetam id e

CM-g lycinin, .e. modified by reduction of the di-

sulfide bonds and blockacce of the sulfhydry l (Sn) by

iodoace tamide , was prepa red as f o l l o w s  ( 1 1) . The

purified protein (250 mg) was dissolved in 25 ml of

1 M T r i s— H C 1 , pP 8 . 7  nil e 6 ~ in pit nidin e 1!C1 and 1 mM

49
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EDTA . The solu t ion was h u t - h i t ; m i h  ‘. , ~-~r 15 rin , then

0.25 ml mercaptoet hanoi wan e b - i .  Th~ 501 ti t l on was

incubated at 37° for 5 hr. A l t  or  the i-tdi t toni of

iodoace t ~ar r i do (1.2 g) the r~- co t - mc was a i]ew -’i to proceed

in the dark . When a negative :ii :r o ~ russide t e s t  was

obtained (about 15 m m ) ,  the pro c-in was dial yzed agains t

11:0 and freeze—dried.

C. Isolation of the Acidic and Basic Subunits of Glycinin

This was performed by an exchange chromatography

method descr ibed recently (li) . Briefly, a Dowex AG 1 ( X 2 )

ion exchange resin was washed exhaustively in a Buchner

funnel with 2N NaOH , H 20, 4N FIOAc , 11 20 and 0.05 M Tris—

ace ta te  b u f f e r , p11 8.0. Just before use the resin was

equilibrated on a 1.5 x 20 cm Pharmacia column with 0.05 M

Tris—acetate buffer (pH 8.0) containing 6M urea. CM—

glycinin (25 0 mg) was applied on the column . Elution of

the basic subunits was carried out with the above buffer

whereas the acidic subunits were subsequently eluted by

0.05 N HOAc containing M urea adjusted to p1! 4.5 with

NaOH . Fractions (2.5 ml) were collected at a flaw rate

of 30 ml per hour. Two distinct peaks appear in the uv

elution profile wh ich represent the two types of the

glycin in subunits. The fractions were dialyzed vs.

water to remove the reagents and freeze—dried.

D. ~~ -Ir~duc’r 1 ~enaturat -on of G i y c i n i n

Glycin in (10 mg) w i s added to 10 ml of 0.1 KC1

50
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solution adjusted t o  p11 8.0 ~ L t h  P i0 11. ~ u b se gu en t 1 y ,  the

pH was adjus ted to 2 . 0  w i t h  0 . 0 1  P HCl and the solution

was stirred for  1 r mi  n .  Then 0. 01 P N - :c OIt ‘,.‘as used to

b r i n g  the pH b ach  to 8 . 0 .  T h i s  s a m p l e  was deno ted  as

acid—denatur ea glycinin. To prepare alkali —d c-natured

glycinin, th e p rotein (10 mg) was d i s s o l ved di rec tly

in 0.01 N Na011 , 0.1 ~~ KC1 (pH 12.0). The so1u~ ion was

stirred for 15 mm and then adjusted to p11 8.0 with

HC1. The modified—protein solution was dial yzed vs.

water and freeze-dried.

E. Tryptic Hydrolysis - ~~~-st at

Enzymat ic hydrolysis of glycinin , p1-denatured

glycinin, CM-acidic , and CM-basic subunits was  performed

in a London Radiometer p1-I—stat apparatus. The experimental

set-up included a Titrator , T”pe TTT 60; Titri graph , Type

SBR 3; Autoburette, Type ABU 1]; Standard pH meter , Type

PHM 62; G202C glass electrode and K40l Calomel electrode .

The reaction was carried out in a beaker surrounded by a

jacket (Type V525) containing a 1% NaCl solution .

Sti rri ng was achieved by a magne tic stirrer and a current

of N2 excluded CO2 from the reaction vessel. All solu-

tions were prepared from C02—free distilled water

achieved by boilin i distilled water prior to preparing

the solu tions. All titrations were performed with

51
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0 . 0 0 1  N N aOIl  as the  t i t r an t , a t  p11 8 . 0 , w i t h  arc e n z y m e :

protein r a t i o  of 1 : 1 0 0 .  T r yp s i n  (~~ile s  L a b o r a t o r i e s ,

36—555) was di ssolved in 0.1 P KC1 and  brought to about

pH 8 . 0  w i th  Na Ci l . The same so lu t ion  was used as the

reaction solvent.

A typical run was done as follows : 10 ml of the

0.1 N KC1 solution adjusted to about p1! 8.0 was p ipet ted

into the reaction vessel. To this , 10 mg of p ro t e in

were added . The pH was then adjusted to pH 8.0 with

t i t r a n t, with the stirrer and the 
~~ 

stream on. Af ter

the pH had stabilized , 0.5 ml of t r y p s i n  solution

(1 mg/ml) was added with a plastic syrinue . The

react ion was then a l lowed to proceed un ti l no f u rt h e r

uptake  of base  was observed . The r eac t i on  m i x t u r e s  were

then ly o p h il i z e d  to be used for gel filtration anal ysis.

F. Ana l y t i c a l  Gel F i l t r a t i o n

1. M a t e r i a l s  -

Sephadex G-50 ( s u p e r f i n e)  and Blue  D e x t r a n  were

obtained from Pharm nacia. Insulin and DPP- -alanine

(lot  # 2 3 C — 2 9 l 0 )  were  p u r c h a s e d  f rom S i o c r i .  x — C h y m o t r y p s i n

(lot #629) was a product of Piles Laboratories.

Cytochrome C (82C—7700) and ncyog lobin (lot #Y3230) were

obtained from Schwarz/Pann and ribonuclease (lot #R35C766)

2
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was obt uin i ct f r u i c  ~‘k rt hi n t - m t  on .

The soiv - :mt c i c a - l  in the  c h r o m n i t  r o q r - j - i i i c  £7 St~~li was

a phosphat ’- b~~fier 0.1 P i n c  t i C l , p1! 7.8 that w is made

0.02% in soch um a.’ide .

2 .  Gel c h r o r n a t oq rap hy

An LC Cheminer t  g lass  c- - lu :nn  ( L C — 9 P A - l 3 , l ab o r a t o r y

Data  Cont ro l , R i v i e r a  Beach , r L . ) ,  9 . 0  mm bore and

33 mm length , with inlet and outlet Cheminert fitting

was used for these experiments. A sample injection tee

was used for the addition of sample to the column , using

a plastice syr inge and female luer adapter to fill the

100 rl sample loop. A Mil ton Roy Constame tr ic I metering

pump (LDC) w as used to pump the buffer at a cons tant flow

ra te (0.16 mi/t in) from a reservoir through t~ e reference

cell of a Schoeffel (~costwood , N.J.) 3F 770 Spectroflow

Monitor (10 mm path length) to the inlet of the sample

injectic- n toe. The eluent from the column was monitored

at 220 nm. The LDC Series 3400 Chromatagraphic Recorder

was operated at a constant speed of 2mm/mm . An event

tri rk er was actuated at -he time of sample injection .

The column was pached with the inlet plunger

assemb ly facing down using LIc e pump and an extension

to the column (packing reservoir LCR—9M) . The column

was first fil l ed ...i t.~c buff co . then a slurry of the

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

53

. - . 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~t ’ ;-~m cch •x G— 50 e’ ii ii ibra ted w i Ii bu I fo r  was  ad d e d  t o  the

packing rose rio i r . The he el pace  of  Li ce  r u s e  r vo

was  then filled with buffer. After attaching the

plicr. p- r assembly to the tap o~ the p a c k i n g  reservo ir , the

column was  allowed to pack un-ic r positive pressure

generated by the p imp . The packing reservoir was removed

after the column had been packed and the outlet assembly

was inserted into the column so that the bed support

of the plunger assembly touched the column bed . All of

the connec tions were made us ing teflon tubing and LDC/

Cheminert fittings .

3. Column calibra tion and molecular weight

d e t e r m i na t ions

To calibrate the column , insulin , cytochrome C,

ribonuclease ,rnyoqlobin and a-chyriotrypsin were used.

Dextran Blue and DNP-alanine were added to each samp le

to determine the minimum (t 0) and the maximum (ti)

r e t e n t i o n  t i m e s .  The r e t e n t i o n  t ime of a p a r t i c u l a r

protein is expressed by te . (Retention time is the

t ime interva l from the injection of the sample to the

peak m a x i m u m . )  Al l  of the so lu tions  we re prepared w i t h

s t anda rd  b u f f e r .  For samp le  i n j e c t i o n, 1.0 ml of the

pro te in  s o l u t i o n  ( 0 . 2  m g / m l)  was combined w i t h  0 . 5  ml

of D e x t r a n  B lue  ( 2 . 0  m g / m i ) ,  0 . 5  ml of DNP—alanine

- j
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(0.2 mg/mi ) an d  0.5 ml of b uf l i - r . 5jnoe 100 c i

samp le loop wa r; •- : ; i ~ loy - d . th n r e s u l t e d  i r~ th e cddi t i o n

of 8.9 ;g of protein to the column . The absorbince scale

used was 0 — 0 . 2  abs - rbance  units at 220nm .

From the peak max ima , partition coefficients were

determined for each marker protein and peptide as

( t e_t o ’I/t i corresponding to (V~-V0)/V~ in volw-ie -

measurements (13). For molecular weight estimation ,

the da ta was  plotted according to lljert6n ’5 substituting

(V e Vo)/V i w i t h  (t
~
—t0Lt~~

. The intercept and slope of

the straight line were obtained by a least squares treat-

ment of the  da ta . The r egression equa tion was :

2

—log a = 0. 0017 ~~ + 0.2157.

The hydrolysate samples were analyzed at a concen-

tration oZ 7 mg/2.5 ml or 7 mg/2.0 ml , us ing  an absorban ce

range of 0—0.1 absorbance units. The data were di gi tized

at 1 mi rt intervals to obtain the height of the distribution .

The wei ght—average molecular weight (P~ ) of a selected

d i s t r ibu tion was deter m ined wi th the use of a dig ital

computer program by the method of Catsirrpooias (13)

G. Preparation of Ilydrolysates for Electrophoretic Analysis

Enzymatic hyd r o l y s i s  of isol ated g l y c i nc in  was car ried

out wi th pepsin at pH 2.0 at 37°C , 25°C and 4°C and
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trypsin at pH 8.0 at 25°C. The peptic hydrolysis was

performed in 0.01 N 1!Cl w h e n - i s  t h e  tryptic h y d r ol y s i s

involved incubation in a Tris— IIC1 bu ffer (Idi 8.0 , 0.46 N).

The enzy me to p r o t ei n  rat io w~ s, l :l00 in all the

experiments , the concentrati on of glycinin was 0.1 % .

To stop the enzyme action an cliquo t (100 ~cl ) of the

h y d r o l y s a t e  was added to an equa l  vol ume of a so lu t ion

con ta i n i n g  6 M urea , 0.3% SDS and 10 mP d i t h i o t h re i t ol ,

pH 8.9. The mixture was stored at —6°C until electra—

phoretic analysis was performed which involved sodium

dodecy l sulfate-oolyacry lamicie gel electrophoresis

(SOS-PAGE) in a discontinuos buffer system (15)

H. SDS-PAGE Electrophoretic Ana~~~sis

SDS—PAGE electrophoresis in a discontinuous buffer

system was p e r f o r med accord i r~g to the method described

below . A Bio-Rad Model 221 slab gel eleotrophoresis cell

was used.  The p o l y a c r y i]m i d e  s lab  ( 100 mm x 140 mm x 1 .5mm )

was prepared as f o l l o w s :  b u f f e r s  used , 1) ZETA b u f f e r

(pH 8 . 8 9)  c o n t a i n i n g  6 .00 gm glyc ine , 9.12 gm TRIS ,

2 . 0 0  g ,  sodium dodecyl s u l f a t e  ( S O S ) ,  to 2 l i t e r s  w i t h

H20, 2)  GAMZ4A b u f f er (pH 8. Q2) containing 28.92 ml

1 N HC 1 , 11.47 gm TRIS , to 100 ml H 20 3) BETA buffer

(pH 6.44) containing 10.11 ml 1 M H~ PO~~, 1.92 gm TRI S ,

to 100 ml with 11 20. The acr ’lamide solution used for

‘6



the separating gel contained 0.6 (3m N , N ’ - m e t h yl en e b i s -

a c r yl a m ide (B IH )  , 11.4 gm acn ,’l c;n nd o (12- T, 5% C), to

50 ml 11 ,-C. The stacking gel consisted of 0.313 gm BIS ,

2.817 gm acr ylanmide (3.l3~ T, 10%C) , to 50 ml with 1120.

The catalyst solution contui r:I 0.03 gm potassium

persulfate , 0.001 gm riboflavin , to 100 ml with 11 20.

Both separating and stacking gels contained 0.1% SOS .

The samp les were dissolved u i  a so lu t ion  conta i n i n g

6 M urea , o .3t SDS , and 10 mM d i t h iothre itol , and made

to volume wi th ZETA buffer. Bromophenol blue was added

as a tracking dye . Sample solutions (1 mg/ml ) were

incubated at 50°C for 30 mm j us t  prior to sample

application. The separating gel was made by mixing

2 par t s  separat in g so lu t ion , 1 part GAW-IA buffer , and 1

par t  ca ta l y s t .  T h i s  s olu t i o n  was cle qasse cl a t  15 mm h g

for 10 mm at which time SOS (0.1%) and 25 p1 of

TEMED were added. The slab was poured and allowed to

pol ymerize under uniform flourescent light for 45 m m .

The stacking gel was made by mixing 2 par ts  s t ack ing

solu tion , 1 par t BETA b u f f e r , and 1 part catalyst. The

solution was degassed at 15 mm Hg. SDS (0.1%) and

12 ~-l TEMED were then added. Electrophoresis of 25 pg

samp les was ca r r ied out for  a p p rox i m a t e ly  17 hours at

12 mA constant current (20°C) . Prior to staining
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the SOS was ren;oved by f i x a t i o n  fo r  24  h o u r s  in a Bia—Rad

Model 222 dual diffusion dest-ciner. The fixation solution

consisted of equal p a r t r  of :n t hano l  and 20% acetic acid .

Subsedu~- n t 1y, the slab was  st~~ ined  w i t h  1% Coomassic b lue

i n  7’ cc - t ~~ c - c ci I -~nd dc-stain ed by d i f f u s i on in 7% ace t ic

d n a , a n — i  ~0% t - t  h inol

T b -  ZI TA , br:TA and  CAPItA buffers (system No. 2 8 6 0 )

were dcsi ~~~~~ by  a computer  progra m ( 15)  . Molecu la r

we i -; ht - i - t - rmi n at ion was performed by another computer

system (16) f r o i r  relative mobility (B 1) values of unknown s

versus  s t a n d a r d  p r o t e i n s .

I .  U l t r a v i o l e t  D i f f e r e n c e  ~ p~~~~~ a

1. Spectrophotometric procedure

A Beckman Model 25 double beam recording spectra—

photometer was used for these experiments. A tandem

arrangement of quartz cuvettes was set—up as follows :

The “re ference ” position contained one cuvette with

2.1 ml of the buffer (TRIS-HC1 pH 8.0 , 0.046 M) and

another with 2 ml of the glycinIn solut ion (0.1%) in

the buffer plus 0.1 ml of the enzyme solution (0.02%)

in the buffer. The enzyme solution was added at “zero ”

tilT-c . The “sample ” position contained one cuvette with

2.0 ml of the protein solution in buffer plus 0.1 ml of
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the buffer and t he  o the r  2 . 0  n.1  of the buffer plus

0.1 ml of the enzym e solution in buffer. The p la cement

of the r e a c t i o n  (hy drol ys i s ) ~- ixLu re of protein plus

enzyme in the “ r e f e r e n c e ” po:; i tion was done to obtain

“positive ” values of absorb arco changes (‘ 1-. )  ra t her than

negative . In some experiments the TRIS-11C1 buffer was

made 0 .04 M , 0.07 N and 0.1 N in regard to N a C l .  U l t r a -

violet absorp t ion  d i ff e r e n c e  spectra were measured every

5.0 mm after the addition of the on z y r c -~ to the protein.

The scanning  wavelength  range d from 22 0nm to 350 nm .

2. Computa tions

The rate of exposure of chrornophoric rroups at a

specific wavelc-ngth as measur -d by absorbance differences

(AA) can be described by combination of a first rate

equat ion  wi th  i ts  in t eg r ated fo rm :

in d (AA ) 
= ln (AA) oI<e~~~e

t

where : K is the rate constant of exposure of chromo—

phon e groups ; d(AA )/dt the rate of absorbance difference

at time t; and (AA)0 is the total absorbance difference

observed .

A plot of the natural logarithm of the exposure rate -

from the first order equation - against time should

yield a straight line with slope equal to 1< and intercept

—
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to ln (’A )0K~. .

To p e r f o r m  a l l  the abo”~ calculations , i t  is

necessary  to -omp ; t e t h d  f i rs t  d e r i v a t i v e  d ( A ) / d t  vs.

t f rom the  o r i g i n  1 experim ental data of A vs. t. This

can be c a r r i ed o i t  by c o m p u t i n g  t h e  o r t h o g o n a l  l i n e a r

component y ’ ( d (  A ) / d t )  by u s i n g  a f i v e- p oi n t  t h i r d —

order p o l y n o m i a l  f i t tin a  t e c h n i q u e  f r o m :

N2 (AA) 2 “(~~A ) m 1  +~~
( A) +2 (\A) .~~2) / l O

where (t ’A) j~ n 
represents  the observed AA values  of a f ive

d a t a — p o i n t  m o v i n g  box .

In these experiments in order to compare results with

our p rev ious  s tud ie s  (17 )  a l l  I.A values were converted

to molar  absorptivity d i f f e r e n c e s  ‘ c be fo re  compu ta t ion  of

the results in terms of kine~ ics. The molecul -~r wei ght

of glycin in was ass umed to be 320 ,000 (4,10). The rate

constant for the slow e:-;posure was designated as K~ 
and

tha t  of the f a s t  as K f .

IV. R e s u l t s

A. ~~j — S t a t  S tud i e s

The pH-stat procedure was used to monitor the base

(O1-1~~) up t ake  during the tryptic hydrolys i s of g l y c i n i n

and i t s  s u b u n i t s  at  p1-h 8.0, 2 5 ° C .  Three samp les of

g ly c i n i n  were e x am i n e d :  n a t i v e , d e na t u r e d  by ac id
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(p11 2.0); and den~ tured by a lk al i (p1! 12.0) . A

r e p r e s e n t a t iv e  re at  ion course  for  these t h r e e  samp les

is shown in  Figure 1. The hydro l y s i s  of g ly c in in

d e n a t u r ed  by a l k a l i  was  comp leted in 90 m m .  (Comple te

is def i n e d  as no f u r t h e r  base up take ) . G l y c i n i n  in its

native state and acid-denatured gl y c i n in both requ i red

13-20 hr  fo r  h y d r o l y si s  to be completed. h owever , on

inspec t ion  of the  react ion cu rves , it was observed that

the rate of hydrolysis of the acid-denatured glycinin

was faster at the start of the reaction and slower

towards the end in comparison to native glycinin.

CM-glycin in and its isolated CM-acidic and CM—basic

subun i t s  h y d r o l y z e d  by t r y p s in  at p11 8.0 and fol lowed by

the pH stat procedure produced representative reaction

curves as shown in Figur~ 2. The rate of hydrolysis of

the CM-ac idic subunits ~ rn d CM-glycinin are comparable ,

whereas the hydrolysis c-f the CM-basic subunits required

a longer l eng th  of time for completion . In comparison

to the u n t r e a t e d  g ly c in ~~n , the CM—g lycinin required about

1/ 3 less time for hydrolysis to be comple ted.

I f  all  samples a r e  compared , the a l k a l i- d e n a t u r e d

glycinin and the isolated CM-acidic subunits exhibit the

f a s t e r  ra te  of h ydro1ys~~s fol lowed very closel y by CM-

glycinin. The na tive a-id acid-denatured g lycirin show
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Figure 1. Representative p11— stat curves of the

e n z y m a t i c  h y d ro ly s i s  of g l y c in i n , a c i d —

d e n a t u r e d  g ly c i n~~n ( p h I  2 . 0 ) ,  and a l k a l i —

denatured glycinin (p11 12.0) by t r y p s i n  at

pH 8.0, 2 5 ° C .  The val ues f o r  the e x t e n t  of

hydrolysis have been n o r m a l i z e d  to the

maximum value for each curve . Key: 0—0 =

alkali-denatu red gly:i n i n ; ~-—ci acid-

denatured glycin i n; •—~~ = n a t i v e  g ly c i n i n .
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Figure 2. 17 pr c- son t c t l ’ ’  p 1 1— s t  i t  c n i r ’ ’ c - s  ii t i i ~~- c ’ n z y l c $  ft

hyd ro I y. is of  rti— l y ’  i n  iii c r c  i ~ S ~ so] ‘H

a c i d i c  an d  b a sic  s u b u n it s  by t r v p si n  a t

pH 8.0 , 25°C. Tb ’ values for t~~e e x t e n t

of hydrolysis have been nor :iali~~ -1 the

maximum value for each curve . Key : )--
~~~ 

CN-

acidic subunits; •— ~~~
= CM—g ly c i n i n; C—~~ CP-

basic  s u b u n i t s.
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intermediate rates of Icydro ly - ;n s w h e re  en t h e  C M — b a s i c

subunits arc’ hycirol y z ed with t ice slowest rate.

B. Molecular ~‘;eiqht Analysis hy Ct’l F i l t r a t i o n

N a t i v e  ql y c i n in  hy d rol yz ’H by t r yo s inc (phI 8.0 , 25°C)

for various time intervals was anal yz ed by el  f i l t r a t i o n

chroma tography  w i t h  the resul ts shown in Figure 3 and

Table  1. Three d i s c e r n i b l e  peaks could he d i s t ingu i shed

wi th  appa rent mole cu l a r  wei gh ts of >30 ,000 , 6,500—9 ,500 ,

and <5 ,000 daltons. The area of these peaks wa~

estimated and the val ues were tabulated in Table 1. I t

is evident that the high molecular weight peak No. 1 is

decreased wi th  th t ime of hy d ro lys i s  w i t h  a cor responding

increase of the l w  molecular weight peptides (<5 ,000 ,

peak No.3). The proportional area of peak No.3) . The

propor t iona l  area of peak No.  2 did not  change a p p r e c i a b l y

in comparison to the o ther  peaks .

A l k a l i  dena tu red  (pH 2 . 0 ) and acid denat ured

(pH 12.0) glycinin upon completion of trypsin hydrolysis

i . e .  at  1 .3  and  19 hr , r e spec t ive ly  e x h i b i t e d  the  gel

f i l t r a t i o n  p a t t e r n s  shown in Fi g u r e  4 .  The a reas  of the

peaks are tabulated in Table 2. It is evident that in

both samples there is a negli gible amount of high

mclecular weight components (peak I) and considerable

amount of peaL II. However , two peaks (lila and I l ib )
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Figure 3. Gel filt ration chrom itographic anal ys i s of

glyci ni n hyd  ol yx -1 by try pn in at ph ! 8.0 at

var ious time intervals. The values of 22Onrn

absorbance are nor n ,c Ii~~ed r c - l r i t i v ”  t~~ the

highest peak of e,c ’h imnle f - r  c I p -ariSan .

1
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Figu re  4 .  Gel f i l t r a t i o n  an a l y s i s  of a l k a l i — d e n a t u r e d

(A) a-id ~acid—d enatured gl ycinin (B) hydrolyzed
by tr 7psin at phi 8.0 for 1.3 and 19 hours ,

respe ct ively.  The 220 nm absorbance is
normalized relat i ve to the highest peak of
each sample for comparison.
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are r esolve (I ii tilt ’ low mol ‘ c ’ i l - c  i w -  i qh t ran ; t ’  . Peak 11

is much s ma l l e i  in  t h e  i l k - c l — ‘ ‘ n c - I ’ n !  -~~ p1 ‘ ‘ ‘ i n  c u d  pea k

IlIb much larger t h a n  t h e  con  responiin ’; p ’ c k s  in the

a c i d- d e nat u r e d  p r o t e i n .  In c o n t r a s t  4 o t he  ahov - sampler

(Fig.5) , CM—gl ycinin and its CM—acidic and CM—basic sub-

u n i t s  upon comple t ion  of hyd ro l ysis (i.e. 2.1 , 1.4 and

16.5 hours , respectively) did not exhibit Peaks I and II.

Mos t of the h y d ro l y z e d  m a t e r i al was represented by peaks

lila and Tu b. However , CM— glyc inin and CM-acidic

subunits produced significantly larger amounts of

peptides in peak li la in comparison to the CM-basic

subunits.

C. Conclusions from ~~ -Stat and Gel Filtration Data

Evidence has been provided that conformational

changes in the structu’e of y lycinin aff ect the rate and

extent of hydrolysis of this protein by tryps~ n.

Concerning the rate of hyd r o l y s i s  as assessed by the

pH—s tat procedure , it appea rs tha t u n f o l d i ng of  g lycinin

in 6 M urea (17) followed by reduction of the SS bonds

and blockage of the SI! groups shortens dramatically the

time required for comp letion of the hydrolysis in

comparison to the native protein. A similar effect was

observed by the action of alkali (preincubation at

p1-I 12) which is known to un frld <-ilycinin (17) and reduce
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Figure 5. Gel fil tration analysis of CM— ylycinin (A),

CM—acid ic subunits (B) and CM-basic subunits

( C)  of q l ycinin hydro lyzed by t rypsin at
pH 8 . 0  for  2 .1 , 1.4 and 16.5  hours ,

respectively. The 220 nm absorbance is

normalized relat ive to the highest  peak of
each sample for comparison .
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some susceptible S-~ bonds (M. Draper and M . Cat :-;imp oolas ,

in  pr ’:orat 10:1)  . A - : i  ( I — i n d u c e d  dc ‘n i c t u r a t i o n  ( p i  ( ‘i n c u b a t i o n

at pH 2 . 0 )  is less e f f e ctive probably bec ause unfolding

of the p r o t e i n  d oes  occur  b u t  t he  SS bonds  arc ’  not

cleaved , t hus , pro”idincj a rc-sistant core which is slowly

a ttacked by the e ni y n e . A s u r p r i s i n g  f i n d in g was the

observed d i f f e r e nti a l  r a t e  of hyd rol ys is of unfolded.

SS—reduced and SF! blocked acidic and basic subunits of

g l y c i n i n .  The C M — a c i d i c  s u b u n i t s  e x h i b i t e d  the f a s t e s t

rate o f hydrolysis recorded i n n  these e x p e r i m e n t s  and

CM—basic subuni ts the slowest. It is poss ible  t h a t  the

CM-basic s u b u n i t s  b e i n g  more hy d r o p h o b i c  ( 8 )  t h a n  the

acidic agg rega t e  in such a f a s h i o n  as to expose on ly  a

limited area to the enzyme . It should be mentioned that

there is no cons iderab le  d i f f e r e n c e  in the l y s ine  and

argini ne content of these two types of subunits (8) to

j u s t i f y the ob ta ined  d i f f e r e n c e  in ra te . From the above

data , the ques t ion  may a r i se  why is CM-g l y c i n i n  digested

so fast by trypsin, since , it contains CM—basic subun its.

The only  e x p l a n a t i o n  we can o f f e r  at the present  t ime is

tha t  the i n t e ra c t i o n  of the acidic  and basic  s u b u n i t s

i n h i b i t s  the a g g r e g a t i o n  of the  basic s u b u n i t s  and , thus ,

the r a t e  of hy d r o l y s i s  r ema ins  h i g h .

The m o l e c u l a r  wei ght  d i s t r i b u t i o n  of the g lycinin

1 c-p ti d s •cs determined by the 2 - ) n ~n absorbance d i s t r i—
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bu tion (12) Sephadex G—50 elut ’s , provides evidence

t h a t  t he  n a t i v e  p ro t e i n  produces - ep t i de  f r a gr~n en t s w h i c h

can be broadly categorized as those above 30 ,000 daltons

( I ) , those a round 7 ,000 claltons (II) and below 5,000

dal tons (I I I )  . I t  is poss ib le  t h a t  the 7 , 000 da l t o ns

peak represen ’ s pept ides  s t i l l  he ld  t o g e t h er  by SS b o n d s .

This  is suggested by the  f a c t  t h a t  peak Ii is cons ide rab ly

reduced in the alkali—treated protein and almost absent

in the samples of CM-glycinin , CM— acidic , and  C~-’i-basic

subunits with a correspondin; inc rease in the very low

molecul ar weight peak Ilib.

Other  d i f f e r e nc e s  in the m o l e c u l a r  wei g h t  d i s tib u t io n

tha t  were no t i ced  are  as f ol l w s .  The a cid i c  su b u n i t s

produced somewhat hi gher  mole~~u l a r  wei gh t  pep t ides  than

the bas ic  s u b u n i t s .  In a l l  t a o  d e n a t u r e d  samp les peak

I I I  of na t ive  g l y c i n i n  was resolved i nt o  two subpeaks

lil a and Il ib. Exp lanation for these phenomena cannot

be provided at present. In g -neral , much higher

resolution was obtained wi th the Sephadex column described

in this paper than in previous work (13) c’mploying

microcolumn where  a l l  the peaks  I , II and III were

merged into one continuous distribution.

In conclusion , the most important finding of this

study is that rate and extent of hydrolysis of glycinin

7 5
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by t r y p s i n  is d r a m a t i c a l l y  i m p r o v e d  by d e n n i t u r a t ~~u nc  of

the protein m d  n ’dicct i o n  of ii’  di sulf ide hon-is . If

this holds t r u e f o r  the minor storage proteins of the

soybean i.e. beta and gamma conqlycinins , i t  w o u l d  be

e c o n o m i c a l l y  a d v a n ta ;eous to employ denaturation methods

prior to enzymatic hydrolysis in industrial processes

where hydrolyze d pro te in is produc ed.

D. SDS-PAGE Studies

The SDS-PAGE electrophoretic patterns of the

hydrolysis of glycinin by pepsin at ph ! 2.0 as a function

of t ime are  show n in Fi gure  6 . The results at bo th

25°C and 37°C c l e a r l y  i n d i c a t e  t h a t  the p r o t e i n  is

cleaved i n t o  f r a g m e n t s  of  lower  m o l e c u l ar  wei gh t  t h a n

e i t h e r  the  heavy ( H )  or l i gh t  ( L )  c h a i n s  (6 , 11) of the

pro te in  w i t h i n  two m i n u t e s .  The con t ro l  q J y c i n i n

solution incubated under iden t ical conditions but wi thout

the enzyme e x h i b i t s  no a p pa r e n t  change  in i t s  s u b u n i t

composition. Since the hydrol ysis proceeded at a very

rap id rate at 25°C and 37°C, ‘-;e intenti onally slowed

down the r e a c t i o n  by incubation at 4°C. This latter

experiment enabled us to observe the differential rate

of hydrolysis of the heavy and li ght  c h a i n s  of g lycinin

by peps in .  As i t  can be seen in F i g u r e  6 , the  heavy

( a c i d i c)  s u b u n i t s  cr c  di gested a t  a f a s t e r  r a t e  t h a n  the

7~3
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Figure 6. SDS-PAGE patterns of the hydrolysis of glycinin
by pepsin:  (A) zero time ; (B) 2 m m ;

(C) 5 mm ; (D) 10 m m ;  (E) 20 m m ;  (F) 30 m m ;

(G) 45 mm ; (H) 60 m m ;  (I) 90 m m ;  (J) zero

time ; (K) 2 m m ;  (L) 4 m m ;  (M) 6 m m ;

( N )  zero time ; (0)  2 mirl ; ( P )  4 m m ;  (Q)  6 m m ;

(R) glycinin ; (S to V) are the controls at

zero time , 2 mm , 4 mm , and 6 mm , r e spec t ive ly .

Large H and L ind ica te  the heavy and l igh t

subunits. The zero time aliquot was taken

immediately ~fter the addition of the enzyme

to the prote in solution.
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light (b’sic) subunits. In an analagous experiment using

trypsin at p11 8.0 (25°C) we observed that although the

rate of hydrolysis was at least ten—fold slower than the

corresponding peptic digest i on , the acidic subunits were

again preferentially cleaved at a faster rate (Figure 7) .

By using low molecular weight protein markers we have

established the peptide fragments observed in Figure 1

are lower than 12 ,00 0 daltons and therefore fall outside

the range of size estimated reliably by PACE . However ,

by using Sephadex G-50 gel filtration (13) , it has been

demonstrated t h a t  the we igh t- ave rage  molecular wei ght of

peptides produced by the action of pepsin on glycinin is

in the range of 5 ,00 0 to 7 ,000 daltons.

The fast hydrolysis of glycinin by pepsin at p1! 2.0

is probably due to the acidic dissociation of the subunits

with concurrent unfolding of the polypeptide chain.

Evidence for such conformational changes at pH 2 . 0  have

been presented previously by hydrogen ion titration and

uv difference spectroscopy of glycinin (17 ,18). The

unfolded polypeptide chains are then presumably subjected

to rapid proteolytic bonds. The synergistic effect of

the acidic pH of pepsin ac tivit-c aids to enhance the

hydrolysis rate . One of the reasons for the observed

slower hydrolysis rate ~y tryps in can probabl y be a ttributed

to the f a ct  that q l yci nir c is cc- f - r r l a tj o r l a f l y  s tab l e  at
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Fi gu re 7. SDS—PAGE patterns of the tryptic hydrolysa tes

• of glycinin at pH 8.0 at 25°C: (A)native

glycinin; (B) zero time hydrolysate; (C) 2 m m ;

(D) 30 m m ;  (E) 90 m m ;  (F) 150 m m ;  (G) 240

mm ; (H) 300 m m ;  (I) 24 hr; (J) standard

proteins : albumin , ovalbumi n , f-lactoglobulin ,

myog lobul in  and lysozyme . The zero time
aliquot  was taken immedi ate ly a f t e r add i t ion
of the enzyme to the protein solution .
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I 
, ph -I 8.0. In a dd i t i o n , t r y p s i n  is r e s t r i c t e d  to the

• hyd r o l y s i s  of l y s i n e  and  a r g i n i n e  r e s i d u e s  o n l y .

The a p p a r e n t  r e f e r e n t i al  e n z y m a t i c  h y d r o l y s i s  of

the acidic over basic subunits by bo th peps in and

t ryps in  is pro babl y due to the gr ea te r  hydro pho bi c

charac ter an d t h e r ef o r e  compac t ness of the  bas ic

subunits ( 8)

E .  U l t r a v i o l e t  D i f f e r e n c e  Spectra  S t u d i e s

1. P r e l i m i n a r y  considerations

The ultraviolet difference spectra of g l y c i n in , the

major storage protein of soyb- ’an seeds , (Cl ycine mdx)

have been investigated previoisly by Fukushima (9)

Catsimpoolas et al. (17) , and Kosh iyama and F u k u s h i m a ( 19 )

It has been shown tha t  c o n f o r r n a tion a l  changes  ( u n f o l d i n g )

induced by urea , g u a n id in e  hydroch lo r ide , and ac id ic  or

alkaline pH result in the exposure of buried tyrosine and

t ryptophan groups which can be measured spectrophoto-

m e t r i c a l l y .  Of pa r t i c u l a r  i n t e re s t  was to de te rmine  if

conformational changes occur gradually during hydrolysis

by t ryps in  - at a phi in which the protein is stable in the

abse nce of the enzyme - and if these changes can be

detected by u l t r a v i o l e t  d i f f e r e n c e  spec t ra .  In the present

s t u d y ,  we repo rt  t h a t  the method can be used to fol low
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I

the exposure  of b u r i e d  chromop h or i c  grou : s during enzymatic

d i g e s t i o n  ri f g l yci n m  a i c d  to e l c t , i j ~~ r e l c f  1 ye n i t -n; of

exposure as a f u n c ti o n  of ioni c str eng th.

2.  F i n d i n gs and conc lu sions

Typical  ul travio le t  d i f f erence spec tr a of gl y c i n i n

subjected to t ryp t i c  h y d r o l y s i s  a t  pH 8.0 as a function

of time are shown in Figure 8. The characteristic peak at

2 9 l - 2 9 2 n r n  o r i g i n a t i n g  l a rge ly f r o m  the exposure  of

t r y p t o p han  groups and the t y r o s i n e-t r y p t o p h a n  peak at

286—2 87nm are clearly distingniished . Increasing exposure

of both ty ros inc’  and t r y p t o p h a n  groups we re observed

w i t h  i n c r e a s i n g  hyd roly s is t ime produci ng the charac te r i s t i c

“dena tu ra t ion  b lue  s h i f t ” in the spectrum of g lycin i n  ( 17 )

The small difference spectrum seen at “zero ” t ime represents

a few seconds of reac t ion  d u r in g  the  m i x i n g  of the enzyme

with  the pro te in .

Since the spectrum at 29]-292nm represents the

exposure mainly of only one type of chromophoric groups

(i.e. tryptophan) , it was chosen for the kinetic studies

in order to avoid corrplications due to the simultaneous

exposure of two types of groups (286—287nm spectrum)

The time course of the molar absorptivity difference

(Ac) at 29~~-292nm and in the presence of various salt

(NaC1) concentrations is shown in Fi gure 9. The extent

h3
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Figure 8. Ul tr av io le t  d if f e ren ’ spectra of ‘j l y c i n i n  
-

induced by ~ ryp t i c  h~, irol y si s  (pH 8.0) a.; a

func ion of time .
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Figure 9. Time course of mola r  ab so rp t i v i t y  d i f f e r e n c e s

(Ac) at 29l—292nm obtained in the presence of

various concen t ra t ions  of NaC 1 d u r i n g  t r y p t i c

hydrolysis  of glyc in in .
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of exposure was d imin i shed  by the i nc r ea s ing  ionic

streng th of the incubation mixture. Even in the

absence of NaC 1 , the exposure of t ryp tophan  groups

in hydrolyzed glycinin amounted to only approximately

75% of the exposure estimated previously (17) in the

presence of 6 M urea .  Thus , i t appears that  af ter

tryptic hydrol ys is , the peptide fragme n ts of g lyc in in

retain some residual structure capable of burying

tryp toph an groups .  This f i n d i n g  is not in c o n f l i c t

wi th  molecular  wei ght  dis tr ib ution s tudies of t r yp ti c

di gests of glycinin where the existence of high molecular

weight peptides (e.g. >6 ,000) has been demonstrated.

Such la rge  f r ag men ts may m a i n t a i n  some of t hei r  int e rna l

structure.

In an a t tempt  to esti mate the rate  of change in

L
AI€. as an index of exposure of bur ied groups , i t  was

observed that at all ionic strengths tested , two types

of kinetics existed. A fast (20 to 30 minutes) and a

subsequent slow exposure of tryptophan groups took

place as illustra ted in Figure 10. Plots of the fast

(K f) and slow (K) rate constants at 29l-292nm as a

function of NaC1 concentration are depicted in Figure 11.

It may be seen that the effect of ionic strength is much

more pronounced on K~ than on K5.
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Figure 10. Typ ical plot to es t imate  the f a s t  and slow

- exposure rates at  2 9 1 — 2 9 2 n m .
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Figure 11. Plot of fast (Kf) and s[ow (K5) rate

constants as a function of NaC1 concentration .
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The presence of two exposure rates may reflect the

differential hydrolysis of the acidic and basic subunits

of glycinin where ionic strength effects may play a more

important role in the stabiliz~ tion of their internal

structure of the acidic subunits than the basic ones.

Indeed , experiments described above using isolated

acidic and basic subunits of gl ycinin (11) have also

provided evidence for the faster digestion of the acidic

subunits in comparison to the basic ones.

Since , the demonstration of the existence of acidic

and basic subunits in glycinin (4), we have been

wondering what the physiological importance of this

finding may be. We are now proposing that the two types

of subunits act as regulators of their own hydrolysis

in the germinati ig seed in conjunction with the local

concentration of salts. The acidic subunits may provide

needed peptide fragments at the initial stages of

germination whereas the basic subunits are involved in a

longer term supply of amino acids. The salt concentration

at a particular stage of germination may speed up or slow

down the enzymatic hydrolysis. Since the type of proteo—

lytic enzymes present in soybeans is unknown , trypsin may

be as good a model of action as any other enzyme operating

out a non-acidic pH.
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